HLA-DQ proteins are encoded by the HLA-DQ genes and expressed as heterodimers of and chains at the cell surface (1-4). The HLA-DQ region consists of the matched genes (DQA1 and DQB1) and the pseudogenes (DQA2 and DQB2) (5,6). They are in linkage disequilibrium with the HLA-DR genes. Similarly to other HLA class II genes, the DQ genes show their polymorphic variation mainly in the second exon, which encodes the first extracellular domain of the molecule (5,7). However, distinct DQA1 alleles differ in exons other than the second exon. In particular, HLA-DQA1 0101, DQA1 0104, and DQA1 0105 alleles are distinguished in exons 1 and 4; identification of HLA-DQA1 0301, DQA1 0302, and DQA1 0303 alleles require typing of exons 1 and 3; and HLA-DQA1 0505 differs from DQA1 0501 alleles in exons 1 and 3 (8). Polymorphism at the HLA-DQB1 locus used to be determined by serology and recognized the specificities DQ1, DQ2, DQ3 and DQ4 (9). Subdivision of DQ1 and DQ3 resulted in the assignment of 5 additional serological DQB1 types, DQ5, DQ6, DQ7, DQ8 and DQ9 (10,11). The use of DNA typing techniques has increased the number of alleles. The allelic sequence diversity is also predominantly present in exon 2 and, except for DQB1 0201 and DQB1 0202, all alleles can be discriminated by PCR-SSOP in this exon. The nucleotide difference between DQB1 0201 and DQB1 0202 is located in exon 3 at codon 135 (12). The allele combination DQB1 0301/0302 and DQB1 0303/ 0304 yield an identical heterozygous sequence and there- 
Introduction
HLA-DQ proteins are encoded by the HLA-DQ genes and expressed as heterodimers of and chains at the cell surface (1) (2) (3) (4) . The HLA-DQ region consists of the matched genes (DQA1 and DQB1) and the pseudogenes (DQA2 and DQB2) (5, 6) . They are in linkage disequilibrium with the HLA-DR genes. Similarly to other HLA class II genes, the DQ genes show their polymorphic variation mainly in the second exon, which encodes the first extracellular domain of the molecule (5,7). However, distinct DQA1 alleles differ in exons other than the second exon. In particular, HLA-DQA1 0101, DQA1 0104, and DQA1 0105 alleles are distinguished in exons 1 and 4; identification of HLA-DQA1 0301, DQA1 0302, and DQA1 0303 alleles require typing of exons 1 and 3; and HLA-DQA1 0505 differs from DQA1 0501 alleles in exons 1 and 3 (8) . Polymorphism at the HLA-DQB1 locus used to be determined by serology and recognized the specificities DQ1, DQ2, DQ3 and DQ4 (9) . Subdivision of DQ1 and DQ3 resulted in the assignment of 5 additional serological DQB1 types, DQ5, DQ6, DQ7, DQ8 and DQ9 (10, 11) . The use of DNA typing techniques has increased the number of alleles. The allelic sequence diversity is also predominantly present in exon 2 and, except for DQB1 0201 and DQB1 0202, all alleles can be discriminated by PCR-SSOP in this exon. The nucleotide difference between DQB1 0201 and DQB1 0202 is located in exon 3 at codon 135 (12) . The allele combination DQB1 0301/0302 and DQB1 0303/ 0304 yield an identical heterozygous sequence and there-fore result in ambiguous typing (13) .
The aim of the present study was to discriminate the indistinguishable alleles of HLA-DQA1 and DQB1 by PCR-SSOP method based on exon 2 sequences and to investigate the associations of these alleles with other class II alleles. For this purpose, we applied additional PCR-SSP assays in DQA1 exons 1, 3, and 4 and DQB1 exon 3. By using these assays, we found strong associations between some DQA1 and DQB1 alleles in the Korean population.
Materials and Methods
DNA samples. 406 potential bone marrow donors in the Korean population were studied. DNA was isolated from peripheral blood samples following the procedure described by Kawasaki (14) . Mononuclear cells were isolated from 1 to 2 ml of blood by density gradient centrifugation and washed twice by centrifugation in 10 ml PBS. The cells were resuspended in 100 l of K buffer (50 mM KCl, 10 mM Tris-Cl (pH 8.3), 2.5 mM MgCl 2 , 0.5% Tween 20, 100 ug/ml Proteinase K), which were incubated for 60 minutes at 56 o C to digest the cells, then 10 minutes at 95 o C to inactivate the protease K. PCR-SSOP. HLA-DRB1, DQA1 and DQB1 typing was performed by the PCR-SSOP method, which was essentially the same as that described at the 12th International Workshop, with minor modifications (15) . For each locus, specific primers were used to amplify products, which were then denatured and (Fig. 1) . And the allele combinations DQB1 0301/0302 and DQB1 0303/0304 was also resolved by this PCR-SSP.
The frequencies of DQA1 and DQB1 alleles in the Korean population are shown in Table III . In the subtyping for the DQA1 0101/0104/0105 (14.4%) alleles by PCR-SSP, the gene frequency of each allele was shown as DQA1 0101 (6.9%), 0104 (5.8), and 0105 (1.7%), respectively. All the DQA1-DQB1 haplotypes associated with DQA1 0101, 0104, and 0105 are shown in Table III . DQA1 0101 was strongly associated with DQB1 0501, and DQA1 0104 was significantly associated with DQB1 0502 or 0503. DQA1 0105 had also a strong association with DQB1 0501 (Table IV) . The DQA1 03 was subtyped as DQA1 03011 and DQA1 0302/ 0303 by PCR-SSOP, and DQA1 0302 and 0303 were typed definitively by additional PCR-SSP. DQA1 0302 displayed a strong association with DQB1 0303 and DQA1 0303 was significantly associated with DQB1 0401 and 0402. DQA1 0501 and 0505 were also strongly associated with DQB1 alleles, DQB1 0201 and DQB1 0301, respectively. And we also discriminated DQB1 0201/ 0202 and found a significant association with DQA1 alleles, DQA1 0501-DQB1 0201 and DQA1 0201-DQB1 0202. Association of DRB1 with DQA1-DQB1 haplotypes of DQA1 01, 03, 05, and DQB1 02 subtypes. The haplotypes of DRB1-DQA1-DQB1 associated with DQA1 01, 03, 05, and DQB1 02 subtypes are 
Discussion
The 1 and 1 domains of HLA-DQ molecules which bind antigenic peptides and present to CD4-positive T cells, have been known to display a high degree of polymorphism (12) . Polymorphisms of HLA-DQ alleles have mainly been analyzed for exon 2, which includes a large number of functional residues responsible for antigen peptide-binding and T cell receptor-recognition in the structural model of DRB1 0101 (20) .
The polymerase chain reaction-sequence-specific oligonucleotide probe (PCR-SSOP) techniques were frequently used for HLA-DQA1 and DQB1 typing, but certain alleles could not be unequivocally assigned. These indistinguishable alleles differ from each other in segment other than exon 2 and additional amplifications will be needed for their distinction. In this study we applied additional PCR-SSP method, decribed by Pera et al (8) , to PCR-SSOP based on exon 2 in DQA1 and DQB1. The indistinguishable alleles of DQA1 and DQB1 in PCR-SSOP, DQA1 0101/0104/0105, 0302/0303, and 0501/0505 and DQB1 0201/ 0202, were typed definitively by the PCR-SSP. The allele combinations DQB1 0301/0302 and DQB1 0303/0304 yield an identical heterozygous sequence, resulting in ambiguous typing in PCR-SSOP. This problem was easily resolved by the PCR-SSP.
Previous studies showed that DQA1 0101 and 0105 were linked to DQB1 0501, whereas DQA1 0104 was linked to DQB1 0502 or 0503 (21) . We found the same results in the Korean population. DQA1 0302/0303 was split to DQA1 0302 and DQA1 0303 by the difference in the leader sequence (exon 1). DQA1 0302 carried ACG (Thr) at codon 6 and was associated with DRB1 0901-DQB1 0303, whereas DQA1 0303 had ATG (Met) at codon 6 and was linked to DRB1 0405-DQB1 0401 and DRB1 0410-DQB1 0402 (21) (22) (23) (24) . DRB1 0404-DQA1 0303-DQB1 0402, not found in Japanese normal controls, was found at the frequency of 1.5% in the Korean population, although genetically similar to Japanese. In addition, we confirmed the previous reported haplotypes of DRB1 1101-DQA1 0505-DQB1 0301 and DRB1 0701-DQA1 0201-DQB1 0202 (23, 24) . We also found the strong association of DRB1 0301-DQA1 0501-DQB1 0201 and DRB1 1201-DQA1 0505-DQB1 0301 in the Korean population. The results in this study were similar to that of the previous Korean population study reported by Song et al (25) .
HLA-DQA1 and DQB1 molecules are involved in a number of pathological conditions, which include susceptibility to autoimmune diseases, graft rejection and graft vs. host reaction after bone marrow transplantation (BMT) (26) . As a consequence, it is imperative to obtain a complete and accurate typing of HLA-DQA1 and HLA-DQB1 gene polymorphisms. Our study showed that the indistinguishable alleles of HLA-DQA1 and DQB1, not precisely assigned by general typing methods based on exon 2, were unambiguously typed by the use of additional PCR-SSP and the haplotypes associated with these alleles were found in the Korean population. Our results can be helpful in finding potential unrelated donors for bone marrow registries and in studying the HLA-associated diseases and anthropology at high-resolution allelic level.
